SUMMARY A 70-year-old man, with regional herpes zoster (C2) of 10 weeks duration, died following subarachnoid hemorrhage caused by the rupture of an aneurysm in the basilar artery. Granulomatous angiitis, with multinucleated giant cells, was found at autopsy in the wall of the aneurysm. Electron microscopy of the basilar artery disclosed intracytoplasmic viral particles with an envelope which measured 150-220 run in diameter. Immunohistochemistry studies revealed varicella-zoster-virus-related antigen in the cytoplasm and/or in the nucleus of histiocytes hi the vessel wall. These findings suggest that varicellazoster virus may be linked to the development of granulomatous angiitis. Stroke Vol 17, No 5, 1986 GRANULOMATOUS ANGIITIS occurring in the central nervous system, as first reported by Cravioto and Feigin,' is a rare disorder characterized by necrosis of the vascular wall with giant cell reaction in the small blood vessels. The pathogenesis of the disease is unknown. There are reports linking the varicella-zoster virus to the syndrome of ophthalmic zoster and contralateral hemiplegia, 2 and of generalized granulomatous angiitis of the central nervous system in the immunocompromised patients.
GRANULOMATOUS ANGIITIS occurring in the central nervous system, as first reported by Cravioto and Feigin,' is a rare disorder characterized by necrosis of the vascular wall with giant cell reaction in the small blood vessels. The pathogenesis of the disease is unknown. There are reports linking the varicella-zoster virus to the syndrome of ophthalmic zoster and contralateral hemiplegia, 2 and of generalized granulomatous angiitis of the central nervous system in the immunocompromised patients.
3 * Virus-like particles have also been detected in granulomatous angiitis. 36 We now report subarachnoid hemorrhage caused by the rupture of an aneurysm of the basilar artery at the site of granulomatous angiitis. We detected virus particles and the antigen related to varicella-zoster virus in the granulomatous lesion. Varicella-zoster-virus may be a causative factor of granulomatous angiitis.
Case Report
In May 1983, a 70-year-old Japanese man consulted a dermatologist because of pain and cutaneous lesions in the occipital region following symptoms of a com-mon cold. He was admitted to Shin-Nittetsu Hospital and was treated with analgesics, vitamins, anti-inflammatory drugs, gamma-globulin and occasional stellate ganglion blocks. He was then transferred to the Fukuoka Anaesthetic Center for control of the pain, in June 1983. Intensive stellate ganglion block, continuous peridural anaesthetic block using 1% mepivacaine, and gamma-globulin therapy without corticosteroid therapy were prescribed, but fever and pain persisted. About 70 days after the onset of this illness, he fainted and cardiac arrest occurred. He was soon resuscitated and transferred to the intensive care unit in Kyushu University Hospital. Massive inoperable subarachnoid hemorrhage was diagnosed following brain computer assisted tomography. The patient died several hours later.
Laboratory Data
Blood pressure, complete blood count, chest X-ray, blood-glucose, serum-enzymes and -electrolytes were within normal limits for the full period of this episode. Mild proteinuria was present, but renal dysfunction and inflammation were mild. Left axis deviation, left ventricular hypertrophy and coronary ischemic changes were detected on the electrocardiograms. Serum antibody titers to varicella-zoster virus were 32X, 32X, and 16X (normal; below 4X), 40, 50 and 60 days after the onset of the common cold-like symptoms, respectively. 
Pathologic Observations
Autopsy revealed pulmonary emphysema, cardiomegaly (430 gram), splenomegaly (130 gram), chronic cystitis and benign prostatic nodular hyperplasia. Vasculitis was present only in the central nervous system.
Neuropathologic Findings
The subarachnoid space was filled with blood caused by rupture of an aneurysm in the basilar artery ( fig. 1 ) and bilateral uncinate and cerebellar herniations were present. Microscopic examination of the walls of the above aneurysm ( fig. 2 ) revealed a granu- FIGURE 
Recently ruptured aneurysm of the basilar artery. Granulomatous angiitis is present in the wall of this aneurysm. Thrombus formation (black arrow) is visible at the site of rupture. (HE.)

FIGURE 3. Granulomatous angiitis: Multinucleated giant cells (black arrow), histiocytes and lymphocytes were abundant. (HE.)
lomatous angiitis infiltrated with multinucleated giant cells, lymphocytes and histiocytes ( fig. 3 ). Destruction of internal elastic lamina was also evident ( fig. 4 ). Gram staining and Periodic Acid Schiff reaction for microorganisms were negative. Neuropathological examination of cortex, white matter, pia and dura showed neither evidence of encephalitis nor meningitis.
ImmuDohbtochemlcal Findings
Formalin-fixed materials were embedded in paraffin, cut into 4 fim thick sections, and studied using an enzyme-labeled antibody technique (Avidin Biotin Peroxidase Complex method).
78 Antivaricella-zoster virus human antiserum was obtained from Fukuoka Anaesthetic Center. The antiserum used here was taken from patients affected with herpes zoster, whose serum antibody titer was sufficiently high for usage on immunohistochemical study as written in the text. The deparaffinized sections were immersed in methanol for 30 minutes, in 0.03% (v/v) hydrogen peroxide in 0.01 M PBS (Phosphate buffered saline, pH 7.4) for 30 minutes at room temperature and then in 1:30 (v/v) diluted goat serum in 0.01 M PBS for 30 minutes, at room temperature. Varicella-zoster virus human antisera (titer; 128X) were applied to the sections at 1:1600 dilution and preparations incubated at room temperature in a moist chamber for about 18 hours. The diluted biotinylated anti human IgG goat serum and avidin-biotinylated peroxidase were each incubat- 
FIGURE 4. Interruption of the internal elastic lamina (between the black arrows) is noticed in the wall of the anewysm (Elastica Van Gieson stain).
ed for one hour at room temperature. Visualization of the peroxidase was achieved by the diaminobenzidine method. The sections were then stained with Methyl Green and examined under light microscope. Nonimmune human sera (anti-varicella-zoster virus titer; beneath 4X) and anti herpes-simplex virus sera were used for the negative control. Antigen related to varicella-zoster-virus was present in the nuclei and cytoplasm of histiocytes in the granulomatous angiitis of basilar artery ( fig. 5 ) but antigen related to herpessimplex-virus (either type I or H) was not found in this lesion. Ultrastructural Findings Several parts of the granulomatous lesion of the aneurysm in the formalin-fixed basilar artery were postfixed in 1% oxmium tetroxide and embedded in Epon 812. Various cellular elements could be identified and histiocytes showed intracytoplasmic virus particles. Most of these virus particles measuring 150-220 nm in diameter were surrounded by envelopes ( fig. 6 ) but there was no evidence of aggregation.
Discussion
This is probably the first report of a subarachnoid hemorrhage apparently caused by a rupture of varicella-zoster-virus-induced granulomatous angiitis. The clinicopathologic entity of granulomatous angiitis in the central nervous system was described originally by Cravioto and The etiology of granulomatous angiitis is considered to be related to immune complexes, 14 mechanical factors/' 9 mycoplasma infection 3 and varicella-zoster infection. 3 " 59 Rosenblum and Hadfield 4 first reported granulomatous angiitis in the central nervous system in a patient with herpes zoster and speculated that granulomatous angiitis might have been the result of viral infection. Varicella-zoster virus may cause granulomatous angiitis only in the central nervous system, possibly because of a high affinity that may exist between the varicella-zoster virus and the vessel wall of the central nervous system. An additional factor may be thrombosis.
Our study revealed enveloped virions 150-220 nm in diameter scattered in the cytoplasm of histiocytes in the granulomatous arteritis; these particles resemble those of varicella-zoster virus. Histochemical examination also revealed that the varicella-zoster antigen was present in the cytoplasm or nuclei of histiocytes, but herpes-simplex antigen was absent from these le- sions. These histological, immunohistochemical and electronmicroscopical studies suggest that varicellazoster-virus may be the cause of granulomatous angiitis in the central nervous system. The mechanism of aneurysm formation and rupture is not clear, but necrosis of the vascular wall with giant cell reaction does play an important role in this course. Thus, clinicians should be aware of the granulomatous angiitis in the central nervous system in patients with herpes zoster.
